The predicted width of the upper main sequence in stellar evolution models depends on the empirical calibration of the convective overshooting parameter. Despite decades of discussions, its precise value is still unknown and further observational constraints are required to gauge it. Based on a photometric and preliminary asteroseismic analysis, we show that the mid B-type giant 18 Peg is one of the most evolved members of the rare class of slowly pulsating B-stars and, thus, bears tremendous potential to derive a tight lower limit for the width of the upper main sequence. In addition, 18 Peg turns out to be part of a single-lined spectroscopic binary system with an eccentric orbit that is greater than 6 years. Further spectroscopic and photometric monitoring and a sophisticated asteroseismic investigation are required to exploit the full potential of this star as a benchmark object for stellar evolution theory.
Introduction
Modeling convective regions in stellar interiors is a longstanding challenge. On the upper main sequence (MS), the hydrogen-burning cores are convective and their sizes are a function of several parameters, in particular the efficiency of convective overshooting. Consequently, the predicted width of the upper MS depends on the numerical treatment of overshooting and the respective choice of a scale length, which can, for example, be calibrated by making use of cluster stars (Napiwotzki et al. 1991; Brott et al. 2011) . Nevertheless, large discrepancies in the width of the upper MS still persist between different sets of evolutionary models (compare, e.g., Brott et al. 2011 and Ekström et al. 2012) . Asteroseismology of pulsating stars has become a powerful tool for probing the internal structure of stars (e.g. Aerts 2015) . Two classes of pulsating stars are found on the upper MS, the β Cep stars among the early B-stars (periods of a few hours) and the slowly pulsating B (SPB) stars among late B-types (periods of a few days). As demonstrated by Moravveji et al. (2015) , the asteroseismic properties of individual SPB stars can provide important constraints on convective overshooting.
The program star 18 Peg is a bright (V = 6 mag) mid B-type giant (B3 III) of relatively high Galactic latitude (l = 65.80
• , b = −36.51
• ). Because of its brightness and early-type spectrum, it is often utilized as a telluric standard or as a background source to investigate the chemical composition of the interstellar medium. In addition, its early-type nature, its unusually low projected rotational velocity sin(i r ) = 15 ± 3 km s −1 (Nieva & Przybilla 2012) , which strongly facilitates precise abundance determinations, and its small distance d = 372 ± 25 pc to the Sun (Nieva & Przybilla 2012) make it a prime target to study the present-day chemical abundances in the solar neighborhood, which it seems to be representative of (see e.g. Nieva & Przybilla 2012) . It is hence ideally suited for differential abundance analyses to search for chemical peculiarities in, e.g., runaway stars to unravel their origin (Irrgang et al. 2010 ). To our knowledge, there are no remarks in the literature that 18 Peg might be a pulsator, part of a multiple system, or affected by any other peculiarity. Therefore, it is frequently used as a reference star. Consequently, dozens of unexploited high-resolution (R = λ/∆λ), high signalto-noise (S/N) spectra, which were taken hours, days, weeks, months, and years apart, are available in the archive of the European Southern Observatory (ESO). The high quality of the observations combined with the good time coverage was motivation for us to revisit 18 Peg for a detailed analysis, which revealed two new facets of the star. Firstly, the object is actually a single-lined spectroscopic binary (SB1) system. A combined analysis of the derived radial velocity curve and the spectral energy distribution (SED) hints at a wide, eccentric system with a MS or neutron star companion (Sect. 2). Secondly, 18 Peg shows distortions of its line profiles on a timescale of a few days. These temporal variations are (very likely) caused by slow stellar pulsations (Sect. 3). Being one of the most evolved SPB stars currently known, 18 Peg has the potential to provide a new and rigorous observational constraint on the width of the upper MS (Sect. 4). Finally, conclusions are summarized (Sect. 5).
Single-lined spectroscopic binary
The search for binaries via spectroscopy is naturally biased towards finding those objects that show large variations of their radial velocity rad on relatively short timescales, i.e., close systems in which the companion has a significant fraction of the primary's mass. The detection of wide binaries or systems with small orbital inclinations with respect to the observer is more challenging owing to the required long-term monitoring or the small changes in the projected velocity. Consequently, many of these systems remain unrecognized although multiplicity is a common feature particularly among early-type stars (Chini et al. 2012 , and references therein). It is only because of the high resolution and high S/N ratio of the archival spectra in combination with a sufficient time lag between them that 18 Peg can be classified without doubt as an SB1 system.
Based on a detailed analysis of the radial velocity curve (Fig. 1 , see Appendix A for details), we show that 18 Peg is part of a wide, eccentric binary system with orbital parameters as listed in Table 1 . The precise nature of the companion, however, remains unknown because there are no direct signatures of the secondary in the optical spectra nor in the SED to pinpoint it. Nevertheless, the available data give rise to the following three conclusions (see Appendix B for details): Firstly, the mass function indicates that the companion is more massive than ∼ 1 M , hence excluding substellar objects like brown dwarfs or planets. Secondly, the absence of features in the spectra and the SED sets an upper limit on the luminosity of the secondary. Assuming it to be still on the MS and making use of theoretical evolutionary tracks yields a maximum companion mass of ∼ 4 M . Thirdly, the invisible component could also be the compact remnant of the binary system's original primary. If so, the derived lifetime of 18 Peg and statistical considerations about the orbital inclination suggest that the compact object is most likely a neutron star and not a black hole or a white dwarf.
With respect to the analysis of the SED, we note that the atmospheric parameters deduced here (see Table 2 and Appendix B for details) are in perfect agreement with the calibration by Napiwotzki et al. (1993) based on Strömgren uvbyβ photometry (T eff = 15 462 K, corrected log(g) = 3.44 dex) and are close to the spectroscopic values (15 800±200 K, 3.75±0.05 dex) by Nieva & Przybilla (2012) . Although the spectroscopic analysis of the wings of the Stark-broadened Balmer lines is generally believed to be a better gravity indicator than the line-integrated Hβ index, which is the most sensitive photometric gravity probe, this reveals a tendency to lower log(g) values that will be important for the discussion in Sect. 4.
Slowly pulsating B-star
The class of SPB stars was first introduced by Waelkens (1991) and consists of mid to late B-type stars that show photometric variability on the order of a few days. The pulsations are thought Article number, page 2 of 14 A. Irrgang et al.: The slowly pulsating B-star 18 Peg: A testbed for upper main sequence stellar evolution −110 pc Notes. The given uncertainties are single-parameter 1σ-confidence intervals based on χ 2 statistics. Stellar parameters are derived by comparing the star's position in a (T eff , log(g)) diagram with theoretically predicted evolutionary tracks by Ekström et al. (2012) . , as a function of the oscillation period: the differences ∆χ 2 are with regard to the respective best fit given in Table C.1. A step size of 10 seconds is used to sample the oscillation period. The red line is the 4% false-alarm probability threshold deduced from Monte Carlo simulations (see Appendix C for details).
to be driven by an "opacity bump" mechanism that excites multiperiodic, non-radial gravity modes with periods in the range 0.4-6 days and V-band amplitudes lower than 0.03 mag (Catelan & Smith 2015 , and references therein). The relatively long periods and low amplitudes make it observationally challenging to find this kind of object. In 2007, the number of confirmed plus candidate Galactic SPB stars was only 116 (De Cat 2007) , clear evidence of their rarity. Empirically, SPB stars tend to be apparently slow rotators -like 18 Peg -but exceptions do exist (De Cat 2007) .
Owing to the extremely high quality of the archival spectra, we detected distortions in the spectral line profiles over a timespan of a few days (see Fig. D .1), which closely resemble those of SPB stars. This is consistent with the fact that the position of 18 Peg in a (T eff , log(g)) diagram lies in the SPB instability domain computed by Moravveji (2016) when using the spectroscopically derived atmospheric parameters by Nieva & Przybilla (2012) . To examine this further, we independently analyzed Ty- cho and Hipparcos epoch photometry data (ESA 1997) as well as an ASAS (Pojmanski 1997 ) V-band light-curve. Both analyses reveal a statistically significant detection of a subtle photometric oscillation with a V-band semiamplitude of ∼ 0.01 mag and a period of ∼ 1.4 days (see Fig. 2 and Appendix C for details). This is in perfect agreement with the properties of SPB stars outlined above. To check whether this oscillation frequency is consistent with the observed changes in the spectral features, the purely dynamical model for pulsationally induced line-profile distortions by Schrijvers et al. (1997) is fitted to some selected spectra. The outcome of this exercise, which is summarized in Table 3 and shown in Fig. 3 , shows that this is indeed the case (see Appendix D for details). We note that this preliminary asteroseismic investigation, which is solely based on spectral modeling, already allows us to infer constraints on the stellar mass and radius. Similar to photometry, the deduced value for log(g) is smaller than the spectroscopic result by Nieva & Przybilla (2012) . Considering the limited database and the simplifications in the model, this finding is only tentative, and continuous spectroscopic and photometric monitoring covering several oscillation periods as well as the use of a more sophisticated asteroseismic model are desirable to confirm or discard it.
By taking both spectroscopic and photometric observations into consideration, it is justified to say that 18 Peg is most likely a member of the rare class of SPB stars. This conclusion is quite significant because it makes 18 Peg a prime benchmark star for the width of the upper MS in stellar evolution models.
Potential benchmark star for upper main sequence stellar evolution models
According to asteroseismology, the terminal-age MS is a hard boundary for the instability strip of SPB stars owing to the very strong damping of high-order gravity modes in the interiors of post-MS stars (Pamyatnykh 1999) . Under this premise, 18 Peg is expected to be a MS star given its SPB nature. However, this might be at odds with stellar evolution models that predict a relatively narrow MS band, such as those by Ekström et al. (2012) . While the atmospheric parameters from spectroscopy, which place the star close to the MS turn-off point where a distinction between MS and post MS is impossible owing to the ambiguity of the tracks, could be in line with a MS status, this is certainly not the case for the photometric and asteroseismic anal- yses (see Fig. 4 ). If our preliminary asteroseismic result is indeed confirmed by better observational data and a more sophisticated model, this would set tight constraints on the width of the upper MS and thus on the efficiency of convective overshooting. We note that rotational mixing, which is the only other mechanism capable of broadening the width of the MS band, is not powerful enough to enlarge the MS by more than ∼ 0.1 dex (see Fig. 4 ). By comparing the measured parallax to spectroscopic distance estimates, it is in principle possible to deduce constraints on the surface gravity. Unfortunately, the Hipparcos parallax (3.05 ± 0.84 mas according to ESA 1997 and 3.04 ± 0.42 mas according to van Leeuwen 2007) is presumably erroneous since the projected intrinsic binary motion of 18 Peg within half a year (∼ 0.41 AU compared to the motion of Earth of 2 AU) was not considered when modeling the parallactic motion. Despite this severe caveat, we note that the Hipparcos measurement is best reproduced by the high surface gravity determined via spectroscopy. With the micro-arcsecond accuracy from the Gaia satellite (Perryman et al. 2001) , it will be possible to disentangle binary and parallactic motion and obtain a direct, astrometric constraint on the evolutionary status of 18 Peg.
Regardless of the precise value of log(g), 18 Peg is one of the most evolved SPB stars known to date (compare, e.g., Fig. 1 in De Cat 2007) and therefore a valuable benchmark object in any case.
Summary
Based on archival data, the standard star 18 Peg turns out to be a slowly pulsating B-star in a single-lined spectroscopic binary system. Photometric and preliminary asteroseismic analyses indicate that the star has great potential to constrain the width of the upper MS band in stellar evolution models. Spectroscopic and photometric monitoring is required to fully exploit the star's capability as a benchmark object. If observed with the upcoming space mission TESS (Ricker et al. 2015) , uninterrupted timeseries photometry of high precision for at least a month would be available allowing for a characterization of the pulsational modes and hence for a detailed asteroseismic study. Peg is an SB1 system. A longperiod double-lined system is excluded, for example by the absence of the three Si ii lines λ4128.1 Å, λ4130.9 Å, and λ6371.4 Å of the secondary. These spectral features are among the most prominent in the spectra of late B-type or early A-type stars, and their strengths peak at effective temperatures cooler than that of 18 Peg. Thus, they would be visible in the spectrum if there is a companion that is luminous enough to compete with a B3 III giant.
To determine the orbital parameters of this system, radial velocities are derived from all Uves (Dekker et al. 2000) and X-shooter (Vernet et al. 2011 ) spectra available in the ESO archive 1 . The data so obtained are spread over the years 2000, 2002, 2004, 2010, 2011, 2012, and 2015 . Multiple results per night are averaged to reduce the statistical scatter in rad . More data points for the radial velocity curve are extracted from an already available Foces (Pfeiffer et al. 1998 ) spectrum (first analyzed by Irrgang et al. 2010) , from an ESPaDOnS spectrum (Donati et al. 2006 ) from the Canadian Astronomy Data Centre 2 , and from triggered follow-up observations with Isis 3 at the William Herschel Telescope, Twin 4 at Calar Alto, Flechas (Mugrauer et al. 2014) at the 90 cm telescope of the University Observatory Jena, and Baches (Avila et al. 2007 ) at the 70 cm telescope of the public observatory in Dieterskirchen 5 . For the high-resolution Uves spectra, radial velocities are derived from the Doppler shift of several selected lines, whereas the high-quality Foces spectrum (R = 40 000, S/N = 400 in the V-band, complete spectral coverage between 3860 Å and 8840 Å) is taken as a template to determine radial velocities from spectra with lower resolving power by degrading its resolution accordingly and fitting the velocity shift. This technique allows for very precise measurements even from the low-resolution Isis (∆λ ≈ 2Å) and Twin (∆λ ≈ 3Å) spectra, and from the medium-resolution X-shooter (R ≈ 5000-10 000), Flechas (R = 9300, complete spectral coverage between 3900 Å and 8100 Å), and Baches (R = 20 000, complete spectral coverage between 3960 Å and 6850 Å) spectra. Wavelength shifts caused by telescope and instrument flexures in the Isis and Twin spectra are accounted for by using telluric and interstellar lines as reference points for an absolute wavelength calibration. Finally, there is one measurement with a time stamp in the literature: Huang et al. (2010) report radial velocities of −7.8 km s −1 and −1.5 km s −1 on two successive nights, which gives an average value of −4.7 ± 3.2 km s −1 . All available rad data points are listed in Table A .1 and shown in Fig. 1 . The uncertainties are assumed to be dominated by the distortions of the spectral line profiles due to the slow pulsations (see Sect. 3) and thus to be of systematic nature. They are estimated from the condition that the reduced χ 2 at the best fit has to be about 1. Data points from the five epochs used for the spectral modeling of the pulsations (see Appendix D) are more trustworthy and hence assigned an uncertainty that is half as much. The orbital parameters, which were obtained by fitting a Keplerian trajectory to the radial velocity curve, are given in Table 1 . Additionally, the Notes. Uncertainties are 1σ. Data points flagged with (1) are based on Uves spectra (and shown as crosses in Fig. 1) , (2) projected semimajor axis
the projected periastron distance 2) and the mass function
Article number, page 6 of 14 Table 1 . The solution for M 2 is not very sensitive to M 1 and the uncertainties of the latter can be neglected here.
the present data that 18 Peg is part of a wide, eccentric SB1 system, which is not unusual for early-type stars (see for instance 
Appendix B: Nature of the companion
There are no features of the secondary component visible in the optical spectra of 18 Peg. Consequently, all constraints on the nature of the companion are indirect and not very tight.
The mass function f (M), which is derived from the radial velocity curve, is by its definition in Eq. (A.3) only a lower limit for the secondary mass, M 2 . However, in the case that the primary mass M 1 is known, it can be used to infer a functional relationship between M 2 and the orbital inclination i o . This function, which is shown in Fig. B .1 for M 1 = 5.8 M (Nieva & Przybilla 2014), is always above 1 M and thus exceeds the minimum stellar mass of 0.08 M so that a substellar object like a planet or a brown dwarf can be safely excluded.
Appendix B.1: Main-sequence star
The binary is an SB1 system, which allows an upper limit for the luminosity of the companion to be estimated. Consider the line-profile function of a secondary's spectral line (labeled with "2") in a composite spectrum Φ composite,2 (λ). It can be expressed by its analogue in a single-star spectrum Φ single,2 (λ) and the continuum luminosities L cont (λ) of the primary ("1") and secondary component:
Rewriting this in terms of the luminosity ratio gives
Assuming the companion to be an ordinary MS star, one can exploit the three Si ii lines λ4128.1 Å λ4130.9 Å, and λ6371.4 Å (already mentioned in Appendix A) to evaluate the right-hand Notes. The quoted uncertainties are taken from literature and are interpreted as 1σ-confidence intervals. Measurements without given uncertainty are assigned the largest of the listed uncertainties of its type, i.e., 0.045 mag for magnitudes and 0.014 mag for colors. A systematic error of 0.012 mag is later added in quadrature to all observations to achieve a reduced χ 2 of about 1 at the best fit. For each system, the first reference is with respect to the measurements while the following ones are the sources for synthetic photometry, i.e., for the system response functions and the reference magnitudes of Vega, for which the flux-calibrated spectrum alpha_lyr_stis_008.fits from the CALSPEC database (http://www.stsci.edu/hst/observatory/ crds/calspec.html) is used. References. side of Eq. (B.2). The strength of these lines peaks at late Btype or early A-type stars where the maximum central depth in a single-star spectrum -with high spectral resolution and low rotational broadening -is roughly Φ single,2 (λ center ) ≈ 0.7. In the "composite" spectra shown in Figs. A.1 or D. 1, the lines of the secondary component are not above the noise level, so
3)
The choice of the Si ii lines as proxies for an upper luminosity limit is justified since the luminosity of a star with an effective temperature too low to ionize silicon, i.e., with spectral class later than a mid A-type dwarf, is negligible compared to the B3 III primary. The ratio derived in Eq. (B.3) is used later to estimate an upper limit for the mass of the secondary component, provided it is on the MS. The SED, which can be very useful to find cool companions by virtue of an infrared excess, is also studied here. To do so, 21 photometric data points covering the visual and infrared regime are compiled from literature. Additionally, three artificial magnitudes in the ultraviolet are computed via box filters from a high-dispersion spectrum taken with the International Ultraviolet Explorer (IUE) 6 and publicly available in the MAST archive 7 under data IDs SWP20593 and LWR16508. Table B .1 lists the observations and the references for synthetic photometry (system response functions, reference magnitudes) for all passbands employed here. Synthetic SEDs as a function of effective temperature and surface gravity are interpolated from the TLUSTY BSTAR2006 grid (Lanz & Hubeny 2007) with solar chemical composition and a microturbulence of 2 km s −1 . The decrease in flux with increasing distance d is parametrized via the angular diameter θ of the stellar disk with radius R , θ = 2R /d. Interstellar extinction is accounted for by applying a reddening correction A(λ), which is the extinction in magnitude at wavelength λ. Fitzpatrick (1999) provides expressions for A(λ) as a function of the color excess E(B − V), which is a measure for the quantity of absorbers, and the extinction parameter R V = A(V)/E(B − V), which is a probe for the properties of the absorbing matter. For weakly reddened objects like 18 Peg, it is impossible to distinguish between the two parameters making it appropriate to assume R V = 3.1 (the standard value for the diffuse interstellar medium, see for example Fitzpatrick 1999) . The results obtained from fitting a single-star SED to the data points are summarized in Table 2 and shown in Fig. B.2 . Confidence maps are presented in Fig. B.3 . With no signatures of a companion showing up in the residual panels of Fig. B .2, the observed SED is nicely reproduced by a single-star model and, thus, of little help in unraveling the nature of the secondary component. However, by assuming that the latter is a MS star of the same age as 18 Peg and by exploiting the luminosity limit determined via spectroscopy, it is possible to have some clues. To this end, isochrones (Ekström et al. 2012 ), starting at the 18 Peg position in the (T eff , log(g)) diagram, are followed towards lower masses until Eq. (B.3) is fulfilled. The resulting parameter limits are listed in Table B .2.
To check whether such a companion is compatible with photometry, the magnitudes and colors of a binary spectrum composed of a primary and a secondary component with parameters shown in Table 2 and B.2, respectively, are computed -after re-fitting Θ and E(B − V) -and are compared to the single-star model in Table B .1. The differences are negligible, which shows that the derived limits in Table B .2 are consistent with the observed SED. In conclusion, a MS star with a mass of 1-4 M fulfills all the constraints set by spectroscopy, photometry, and the radial velocity curve and is therefore a promising candidate for the unseen companion. Alternatively, the secondary component could also be the stellar remnant of the system's original primary, i.e., a star more massive and thus more short-lived than 18 Peg. Depending on the initial mass of that hypothetical star, the companion could be either a neutron star or a black hole. A white dwarf is rather unlikely because, on the one hand, stellar evolution predicts that the maximum progenitor mass of such an object is ∼ 8 M . On the other hand, according to the evolutionary tracks by Ekström et al. (2012) , the minimum mass of a star with a lifetime shorter than the current age of 18 Peg is just slightly below 8 M leaving only a tiny mass window for the white dwarf scenario. The presence of a neutron star or a black hole would imply that the binary system has survived a supernova explosion. Owing to the low or nonexistent intrinsic luminosities of neutron stars or black holes, there is no chance of seeing these objects next to a B3 giant -unless there is mass accretion onto the compact object that leads to the emission of X-rays. For significant mass transfer to occur, the distance between the donor and accretor has to be quite small. Because it is a very wide binary system with a non-extreme orbital eccentricity, this condition is not met by 18 Peg for which periastron passages are probably larger than 90 R (see e versus r p sin(i o ) in Fig. A.2) .
All currently available observations are consistent with a MS and with a compact companion. Only if the orbital inclination i o of the system is smaller than ∼ 20
• could a MS star be excluded: According to Fig. B .1, the secondary mass would then be larger than ∼ 4 M , which is the estimated upper mass limit for a MS secondary (see Table B .2). Since this number exceeds the Tolman-Oppenheimer-Volkoff limit, which is the maximum mass of a neutron star, a black hole would be the only remaining option in that case. Unfortunately, it is impossible to directly constrain i o except for those systems that exhibit eclipses. Assuming an isotropic distribution and thus a spherically averaged value for sin 3 (i o ) of 3π/16 as well as a primary mass of 5.8 M , the most likely secondary mass is 1.73 +0.39 −0.24 M . This is larger than the Chandrasekhar mass limit of 1.46 M and is close to the mass of most neutron stars known to date (Kiziltan et al. 2013) . Statistically speaking, the companion is hence not massive enough to be a black hole and is probably either a MS or a neutron star.
Appendix C: Photometric variations
To check whether there are pulsational signatures in the light curve of 18 Peg, two different datasets are analyzed. The first consists of Tycho and Hipparcos epoch photometry data (ESA 1997) . With 59 photometric measurements in the Hipparcos H pband and 80 data points in each of the two Tycho bands (B T , V T ), all of which are spread over roughly 1000 days, the sampling is quite sparse. The same applies to the second dataset, which is an ASAS (Pojmanski 1997 ) V-band (V A ) light-curve with 85 observations in 569 days. Given the brightness of 18 Peg, the magnitudes derived from the largest aperture (6 pixels in diameter) A&A proofs: manuscript no. paper_astro-ph The colored data points are fluxes converted from observed magnitudes, while the gray solid line represents the best-fitting single-star model. The three black data points labeled "box" are fluxes converted from artificial magnitudes computed by means of box filters of the indicated width from a highdispersion IUE spectrum (magenta line). The four lime green ultraviolet data points are flux measurements from the TD1 catalog (Thompson et al. 1978) and are shown here for a consistency check. The residual panels at the bottom/side show the differences between synthetic and observed magnitudes/colors. The photometric systems have the following color code: Johnson-Cousins (blue), Strömgren (green), Tycho (brown), Hipparcos (cyan), 2MASS (red), WISE (magenta), Geneva (crimson). 
log(g (cm s The two datasets are independently fitted using χ 2 minimization tools provided by the Interactive Spectral Interpretation System (Houck & Denicola 2000) . To identify the dominant mode, the oscillation period P osc is sampled from 0.4-6 days in steps of 10 seconds while all other parameters are fitted. The resulting periodograms are shown in Fig. 2 and reveal an outstanding detection at P osc ∼ 1.4 days. The corresponding best-fitting model parameters are listed in Table C .1 and the respective phased lightcurves are shown in Fig. C.1 . We note that the reduced χ 2 at the best fit of the Tycho and Hipparcos data is 1.005. It is therefore not necessary to make the function in Eq. (C.1) more complex, for example by including more oscillation terms, in order to properly model the data. The given uncertainties for the ASAS data are not individual photometric errors but averaged ones for the respective frame. Their mean value (0.037 mag) exceeds the standard deviation of the actual measurements (0.016 mag), which indicates that the stated numbers are overestimated. The original uncertainties are thus rescaled by a factor of 0.140 1/2 to give a reduced χ 2 at the best fit of 1 instead of 0.140. As expected for SPB stars, the resulting oscillation semiamplitudes are very small. That is why it is important to check whether the detection is statistically significant or just a coincidence caused by noise fluctuations in a constant underlying signal. To this end, Monte Carlo simulations are performed. A total of 1000 mock light-curves are created for each of the four passbands by replacing the measured magnitudes by Gaussian random numbers with the magnitudes' mean value as center and the magnitudes' standard deviation as width. The mock data are then analyzed as described before. In particular, 1000 periodograms like those shown in Fig. 2 are computed for both datasets. For each individual period, the distribution of ∆χ 2 values -which are still with regard to the best fit given in Table C .1 -is constructed from the sample of mock periodograms. From each of these distributions, the 4%-quantile ∆χ 2 4% (P osc ) is determined. The probability of obtaining a ∆χ 2 value that is smaller than this quantity is thus less than 4% if the light curve is indeed a constant one with noise. Consequently, ∆χ 2 4% (P osc ) is the 4% falsealarm probability threshold. Given its location in Fig. 2 , which is indicated by the red line, we can conclude that the detection at P osc ∼ 1.4 days is significant with more than 96% confidence.
Appendix D: Line-profile variations
The detection of distortions in the spectral line profiles over a timespan of a few days (see Fig. D.1) hints at an SPB nature of 18 Peg. In principle, a short-period double-lined spectroscopic binary (SB2) system with two components of similar luminosity could also be responsible for these variations. However, the change in the line profile from the black to the blue curve in Fig. D .1 is barely compatible with the expected reflex motion in an SB2 system since only the bump at longer wavelengths moved, whereas its counterpart at shorter wavelengths kept still. Additionally, the expected velocity semiamplitudes in such a system are much larger than those indicated by the small Doppler shifts in Fig. D. 1. For instance, the orbital velocity in a system composed of two 5.8 M stars, which is the mass of 18 Peg according to Nieva & Przybilla (2014) , on a circular orbit with a 3-day period is 167 km s −1 . To reconcile this with the tiny displacements observed in Fig. D.1 , an orbital inclination i o of less than ∼ 7
• would be required, i.e., the system had to be seen almost pole-on, which is possible but unlikely from a statistical point of view. A similar reasoning applies to moving spots on the stellar surface, which can also lead to time-dependent distortions of spectral line profiles (see, e.g., Briquet et al. 2001 Briquet et al. , 2004 . Based on a stellar radius of R = 5.5 R (Nieva & Przybilla 2014), an upper limit for the rotation period of the star is given by P rot / sin(i r ) = 2πR / sin(i r ) ≈ 18.6 days, which would imply a rotational inclination i r of less than ∼ 9
• to obtain spotinduced spectral variations with a period of < 3 days. For such low values of i r , however, the temporal effects of stellar spots on the spectrum are expected to vanish because an observer on Earth will then always see the same hemisphere and thus a constant radiation of the star. Stellar pulsations yield a simpler explanation for the spectral variations. Schrijvers et al. (1997) provide a formulation of the surfacevelocity field of a rotating, adiabatically pulsating star whose pulsational and rotational axes are aligned. By numerically integrating the respective Doppler shifts of this field, it is possible to synthesize spectral line profiles that account for the pulsational motion. We note that atmospheric variations such as changes in the temperature are neglected in this purely dynamical approach. Following Schrijvers et al. (1997) , the resulting pulsational Doppler profile Φ osc is a function of the degree l and azimuthal order m of the oscillation mode, the vertical amplitude a sph , the ratio of the horizontal and vertical amplitude k (0) (superscripts (0) refer to quantities in the non-rotating case), the angular oscillation frequency ω (0) , the ratio of the angular rotation frequency Ω and ω (0) , the inclination of the pulsational/rotational axis i r , the projected rotational velocity sin(i r ), the oscillation phase φ osc , and the rotation phase φ rot :
For convenience, the parameters ω (0) and Ω/ω (0) are replaced here by P osc = 2π/ω and Ω/ω exploiting Eq. (11) in Schrijvers et al. (1997) . Moreover, a sph is substituted with the square root of the mean square of the vertical velocity component when averaged over a spherical surface and oscillation period 2 v 1/2 = ω a sph (8π) −1/2 (compare Eq. (3.136) in Aerts et al. 2010) . The distortions of the spectral lines due to pulsation affect primarily narrow metal lines, whose individual profile (labeled with index j) can be well approximated by a Gaussian function with area A j , width W j , and central wavelength C j :
2)
The convolution of this Gaussian curve with the pulsational Doppler profile gives the final model Φ j,model , which can be fitted to an observed metal absorption line. The only time-dependent quantities entering Φ j,model are φ osc (t) = (t − Only a few of the available spectra 8 are of sufficient quality (high S/N, high R, suitable instrumental setup) for the spectral modeling of the pulsations. Ten strategically chosen metal lines are simultaneously fitted in these spectra, which cover five distinct epochs. Owing to the rugged χ 2 landscape and because the 8 See Appendix A for an overview. model is extremely sensitive to tiny changes in several of the oscillation parameters, the numerical χ 2 minimization normally fails to find the global best fit of this problem. However, given the simplicity of the model (only mono-periodic spheroidal modes are considered; atmospheric changes due to the pulsation are neglected) and the small number of epochs, the goal of the spectral modeling is merely to demonstrate that the observed line-profile variations are consistent with a pulsational signature rather than to determine the oscillation parameters with high fidelity. Hence, the search range for the oscillation period is limited to values close to the outcome of the light-curve analysis. For each combination of l and m up to l = 7, the physical region of the multi-dimensional parameter space is explored by accepting only those models that give stellar radii or masses 9 in the range 5 R ≤ R ≤ 11 R or 5 M ≤ M ≤ 8 M , respectively. The results are summarized in Table D .1 and reveal that the spectral variations are best reproduced by a pulsational mode with l = 5 and m = 1. A comparison of this model with the observations is shown in Fig. D.2 . Despite the simplicity of the applied theory, the overall match is very promising, which demonstrates that the line-profile distortions can be explained well by pulsations.
Recalling Sect. 2 and Fig. A.1 , it is worthwhile noting that the two spectra taken at MJD 53 152.42 and 53 224.31 have almost the same oscillation and rotation phase. 9 The stellar radius R is derived from the identity sin(i r ) = ΩR sin(i r ). The stellar mass M then follows from M = k (0) (ω (0) ) 2 R 3 /G, where G is the gravitational constant (see Eq. (9) in Schrijvers et al. 1997) . Notes. The rugged χ 2 landscape and the model's extreme sensitivity to tiny changes in several of the oscillation parameters, means that the numerical χ 2 minimization normally fails to find the global best fit; the results shown here are probably just good fits instead of the best fit. The quantity η is the ratio of the centrifugal force to the gravitational force at the equator of the star (see Eq. (30) in Schrijvers et al. 1997 ). The table is sorted in ascending order by the reduced χ 2 .
